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OBJECTIVEOBJECTIVE

Map ET and moisture stress (drought) using 
thermal infrared (TIR) and vegetation index (VI) 
remote sensing data.

Map ET and moisture stress (drought) using 
thermal infrared (TIR) and vegetation index (VI) 
remote sensing data.

• depletion of water from the soil surface layer causes 
the soil component of the scene to heat up rapidly.

• moisture deficiencies in the root zone lead to vegetation 
stress and elevated canopy temperatures

Varying soil moisture conditions yield distinctive thermal 
signatures: 



Operational Drought MonitoringOperational Drought Monitoring

Palmer Drought 
Index

Vegetation 
Health Index

Evaporative 
Stress Index

Antecedent 
precipitation

VCI = NDVI-NDVImin

NDVImax-NDVImin

TCI = 
Tmax-T 
Tmax-Tmin

VHI = aVCI + (1-a)TCI 

ESI =  1 – AET/PET 

? 



REMOTE SENSING APPROACHREMOTE SENSING APPROACH

OUTLINEOUTLINE

… land-surface model… land-surface model
… validation… validation

FLUX CLIMATOLOGYFLUX CLIMATOLOGY
… evaporative stress index… evaporative stress index

NEED FOR HIGH-RES THERMALNEED FOR HIGH-RES THERMAL
… impending data gap… impending data gap



REMOTE SENSING APPROACHREMOTE SENSING APPROACH
… land-surface model… land-surface model



Atmosphere-Land Exchange Inverse Model (ALEXI)Atmosphere-Land Exchange Inverse Model (ALEXI)

Regional scale
∆TRAD - GOES
fc - AVHRR, MODIS

Landscape scale
TRAD - TM, ASTER, MODIS
fc - TM, ASTER, MODIS

Rsoil

Tc
Tac

Hs

Ts

Ra
H = Hc + Hs 

Rx

Hc

Ta

ABL

Ta 

ALEXI DisALEXI
5 km

30 m

T
w

o
-S

o
u

rc
e
 M

o
d

e
l

TRAD (φ),  fc

TRAD,i(φi),  fc,i

i

Ra,i

Blending height

Rsoil

Tc
Tac

Hs

Ts

Ra
H = Hc + Hs 

Rx

Hc

TaTa

ABL

Ta Ta 

ALEXI DisALEXI
5 km

30 m

T
w

o
-S

o
u

rc
e
 M

o
d

e
l

TRAD (φ),  fc

TRAD,i(φi),  fc,i

i

Ra,i

Blending height



DATA

AIR TEMPERATURE 
BOUNDARY

SW/LW RADIATION
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SURFACE TEMPERATURESURFACE TEMPERATURE EVAPOTRANSPIRATIONEVAPOTRANSPIRATION
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REMOTE SENSING APPROACHREMOTE SENSING APPROACH
… validation… validation



GOES-DERIVED FLUXES (5-10 km)
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Hourly daytime fluxes (watershed average)Hourly daytime fluxes (watershed average)
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SMEX02/05SMEX02/05

ALEXI validation sitesALEXI validation sites
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FLUX CLIMATOLOGYFLUX CLIMATOLOGY
… evaporative stress index… evaporative stress index



Climatological Study: 2002-2004Climatological Study: 2002-2004
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• 2002: extreme-severe drought conditions covering 40% of the US in July
• 2003: some improvement (10-25% extreme-severe drought coverage) 
• 2004: extreme drought coverage falls < 5% due to increased late rainfall
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Multi-scale Drought MonitoringMulti-scale Drought Monitoring

∆∆ESIESI ALEXI ALEXI 

DisALEXI DisALEXI 



Multi-scale Ecosystem Health MonitoringMulti-scale Ecosystem Health Monitoring

MODIS resolution (1km)
Evapotranspiration

L7 resolution (60m)
Evapotranspiration

L7 resolution (60m)
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NEED FOR HIGH RESOLUTION 
THERMAL IMAGING
NEED FOR HIGH RESOLUTION 
THERMAL IMAGING
… Impending data gap… Impending data gap



IMPENDING THERMAL DATA GAPIMPENDING THERMAL DATA GAP

ASTER
Landsat

Once every 
8-16 days

30–100 mLocal

VIIRS
AVHRR
ATSR

MODIS 
AVHRR
ATSR

2-4 times 
daily

1-5 kmRegional

CrIS
GOES
MSG

AIRS
GOES
MSG

Hourly10-20 kmGlobal

Future
Data
Sources

Current
Data
Sources

Temporal 
Resolution

Spatial 
Resolution

Coverage

Land Surface Temperature and Emissivity Earth System Data Record
(LSTE-ESDR) 

Land Surface Temperature and Emissivity Earth System Data Record
(LSTE-ESDR) 

Table from S. Hook

!!!!



The importance of Landsat-resolution thermal dataThe importance of Landsat-resolution thermal data

240m

120m (L5) 60m (L7)

Evapotranspiration (W m-2)

960m (MODIS)



The importance of Landsat-resolution thermal dataThe importance of Landsat-resolution thermal data
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THERMAL REMOTE SENSING DATA
HAVE GREAT UTILITY:

… ET mapping
… drought monitoring
… soil moisture mapping

THERMAL REMOTE SENSING DATA
HAVE GREAT UTILITY:

… ET mapping
… drought monitoring
… soil moisture mapping

CONCLUSIONSCONCLUSIONS

NEED TO MAINTAIN MULTI-SCALE 
THERMAL DATA SOURCES

NEED TO MAINTAIN MULTI-SCALE 
THERMAL DATA SOURCES

manderson@hydrolab.arsusda.govmanderson@hydrolab.arsusda.gov
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PROCEDURE:

TRAD1 TRAD2
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Estimate TA1 & TA2 at
blending height

Compute required
t1
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∫H(t)dt

Revise H1 & H2

H1 H2

Atmosphere-Land Exchange Inverse Model (ALEXI)Atmosphere-Land Exchange Inverse Model (ALEXI)



Disaggregated ALEXI (DisALEXI)Disaggregated ALEXI (DisALEXI)

TATA

TRAD, fcTRAD, fc

(ALEXI)

(Landsat, ASTER
MODIS, aircraft)

Hbulk = HALEXI

ALEXI grid cell (5-10km)



REMOTE SENSING APPROACHREMOTE SENSING APPROACH
… gap-filling… gap-filling
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Latent Heat
30 April 2003 (18z)
Latent Heat
30 April 2003 (18z)

Latent heat intercomparisonLatent heat intercomparison
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Rain
Root zone AWF
Soil surface AWF
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Volumetric Soil Moisture RetrievalsVolumetric Soil Moisture Retrievals
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